Porphyrin metabolism has received a great deal of attention over the last two decades since the realisation that certain porphyrins are accumulated in some malignant tumours. Therefore, the haem biosynthesis pathway may be disturbed in patients suffering from such malignancies. The present study addresses the question of whether porphyrin metabolism is perturbed in certain malignant diseases such as acute lymphoblastic leukaemia. non-Hodgkin's lymphoma and Hodgkin's disease.
Relatively little work on haem synthesis in erythroleukaemia has been published in the relevant literature. During the induction of Friend erythroleukaemic cells in cultures, it was observed that porphobilinogen deaminase activity began to increase after 48 h from induction with dimethyl sulfoxide. The cellular growth medium contained traces of protoporphyrin. but not of other porphyrins. Also, the enzymes of haem synthesis except ferrochelatase were induced by butyric acid (Rutherford et al., 1979) . Recently, Malik and Lugaci (1987) observed that endogenous porphyrin biosynthesis in Friend erythroleukaemic cells was induced by supplementation of 5-aminolevulinic acid.
5-aminolevulinic acid dehydrase activity is markedly higher in reticulocytes than in erythrocytes. This increase in activity has been demonstrated during erythroid differentiation of Mouse Friend Virus transformed erythroleukaemia cells (Sassa. 1979) and human K562 cells (Hoffman et al.. 1980) . Also, Chang and Sassa (1985) found increased ALA-D activity in K562 cells incubated for 5 days with either butyric acid or SeO,.
As early as 1963, Vannotti and 
Materials and methods
Twenty-one children with acute lymphoblastic leukaemia. 14 adult patients with acute lymphoblastic leukaemia. 14 adult patients with non-Hodgkin's lymphoma and six adult patients with Hodgkin's disease were the subjects of the present study. Also. 14 healthy children and 17 healthy adults were used as control groups for comparison. All groups of patients and controls consisted of males and females. Fasting heparinised venous blood samples were withdrawn from controls and patients. and at the same time, urine samples were collected from them.
The assay of erythrocyte 5-aminolevulinic acid dehydrase and uroporphyrinogen-l-synthetase was carried out on whole blood samples (in which hematocrit values were determined) according to the method of Weissberg et al. (1971) and Piepkorn et al. (1978) respectively. Free erythrocyte total porphyrin concentration was also estimated in whole blood by the method described by Piomelli (1973) . Blood protoporphyrin and haem contents were determined according to the method of Labbe et al. (1979) . Urinary coproporphyrin and uroporphyrin were estimated by the method of Talman (1958) . whereas the concentration of urinary 5-aminolevulinic acid and porphobilinogen was determined by the method of Tomokuni and Ogata (1972) and Rimington (1971) respectively. Urinary creatinine concentration was determined according to the method of Van Pilsum and Bovis (1957) . Statistical analyses of the results were performed according to the standard methods.
Results
As can be seen from No. = number of cases; aHiIghy significant (P <0.001).
The concentration of urinary ALA is significantly (P<0.01) increased in adult patients suffering from ALL; however, the increase is insignificant in adult patients suffering from either HD or NHL (Table II) . The mean concentration of PBG is significantly increased in the urine of adult patients suffering from ALL, HD and NHL nearly to the same extent being about 1%1A times the corresponding mean control value. A comparable increase in the concentration of urinary coproporphyrin is observed. but the extent of that increase in patients with ALL or NHL is higher than the increase in patients with HD. However, the elevations observed in the concentration of urinary uroporphyrin for ALL and NHL are not significant. Furthermore. urinary uroporphyrin is insignificantly decreased in adults suffering from HD (Table   II) .
According to the results of Table III . there is a small but significant inhibition in blood ALA-D activity of children suffering from ALL. while a highly significant elevation in the activity of blood URO-1-S of these children is observed. At the same time, the activity of ferrochelatase, as monitored by the protoporphyrin haem ratio, is observed to be decreased in children suffering from ALL although the increase in blood protoporphyrin is not significant (Table III) . Moreover, a significant increase in the concentration of free total porphyrins in the blood of children with ALL is observed when compared with the control value (Table III) . Also, the protoporphyrin of the blood is insignificantly increased while the haem content is highly significantly diminished in those children with ALL.
As shown from Table IV . the activity of blood ALA-D is decreased in adult patients with ALL, NHL and HD. The average activities in the three groups of patients are nearly the same.
The mean activities of URO-1-S in the blood of all groups of adult patients are elevated than the average control value; the elevation being highly significant in both ALL and NHL patients and significant in HD group (Table IV) . Ferrochelatase activity, as expressed by the protoporphyrin'haem ratio, is lowered in ALL patients and insignificantly diminished in NHL adult patients while its activity is significantly increased in HD adult patients.
The concentration of blood total porphvrins is elevated in all adult patients with ALL. NHL and HD. However, the concentration of blood protoporphynrn in both ALL and NHL patients is apparently similar to the control mean value, but in HD patients a high decrease is observed (Table  IV) . Moreover, the haem content of ALL patients is highly significantly diminished while in patients with NHL and HD it is significantly decreased when compared with the control value (Table IV) (Stella et al.. 1988) . However, in another study. ALA-D activity was found to be markedly elevated in human K562 erythroleukaemia cells (Hoffman et al.. 1980) . Decreased erythrocyte ALA-D activity in both children and adult patients is accompanied by the findings that anaemia is common in these patients.
In the present study. there are significant elevations in erythrocyte URO-1-S activity in children with ALL and adult patients with ALL. NHL and HD. These findings are in agreement with several previous studies (Sassa. 1976 : Fotouh, 1990 ). This elevation was attributed to the increased lymphocyte and blast cells count in peripheral blood of these patients, since URO-1-S is an intracellular enzyme and it is not secreted into the plasma (Elder, 1980) . In this connection, Epstein et al. (1983) assumed that the high erythrocyte URO-I-S in patients with lympholiferative disease is the result of high URO-1-S activity in the erythroid precursors in the bone marrow.
The presence results clearly show abnormal changes in porphyrin biosynthesis in children with ALL and these changes may be attributed to abnormalities of the enzymes of haem biosynthetic pathway. It is observed that protoporphyrin concentration is insignificantly increased concomitant with a marked decrease in the haem content. These abnormalities could be attributed to the inhibition of haem synthetase activity and or insufficiency of iron as previous authors found inhibition of this enzyme in patients with ALL (Labbe et al., 1979 (Table IV) . On the other hand, the changes in protoporphyrin concentrations are not parallel to the changes in haem; however, the erythrocyte total porphyrins are increased in all patients. These disturbances could reflect comparable changes in the enzymatic activities in tissues synthesising porphyrins. This indicates both plentiful substrate availability at the beginning of the porphyrin biosynthetic chain and a block at the end of the pathway, which result in accumulation of porphyrins in porphyrin synthesising tissues and according in blood and urine. 
